( Figure 1D ). It might be speculated that this condition may be compensated by long-range medial septum (MS) connections, which depolarize dentate PV interneurons (Bao et al., 2017) . If NSCs would be active by default, this form of plasticity might be exhausted by reduction of the NSC pool (Ray et al., 2018) . In this context, MS projections might play a protective role for the neurogenic niche. MCs may play critical roles in the regulation of the neurogenic niche not only under normal conditions but also under pathological insults. For instance, MC loss has been described in chronic temporal lobe epilepsy, in which hippocampal neurogenesis is largely impaired (Scharfman, 2017; Zhong et al., 2016) . Yeh et al. (2018) have also investigated this issue. They showed that chronic ablation of MCs by expression of caspase 3 in 5htr2A-Cre mice decreased both the size of the NSC pool and the rate of neuronal differentiation. These new data support the idea that MC loss might be crucial for the loss of neuronal plasticity in pathological conditions. In summary, the work by Yeh et al. (2018) shows that MCs could be master players modulating neurogenic potential of NSCs, acting through different local circuits. At present, many questions remain to be answered. It is unclear whether MCs are indeed indispensable or whether the NSC pool can be recovered after prolonged MC ablation. Future studies will shed light on how different players in the neurogenic niche work in concert to produce more new neurons while preserving the NSC pool.
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(2017). LTP at hilar mossy cell-dentate granule cell synapses modulates dentate gyrus output by increasing excitation/inhibition balance. Neuron 95, Before the onset of hearing, activity in the developing auditory system is dominated by periodic bursts of action potentials that originate in the cochlea from where they propagate up the central auditory pathway. In this issue of Neuron, Babola et al. (2018) provide new insight into the spatiotemporal organization of prehearing activity in vivo and its homeostatic control.
Burst-like patterns of spontaneous activity are a common phenomenon of developing sensory systems. This activity is present before external stimuli can activate sensory cells and thus arises endogenously, or spontaneously, in the immature sensory organ from where it is propagated to the brain. Spontaneous bursts of action potentials are also present in the auditory system before hearing onset, which begins around time of the opening of the ear canal (approximately postnatal day 12 in mice). This prehearing activity originates within the immature cochlea, which contains a transient group of epithelia cells, the inner supporting cells (ISCs) that form the Kolliker's organ located adjacent to inner hair cells (IHCs), the primary sensory cells in the auditory system. ISCs periodically release ATP, which, through the activation of purinergic receptors and TMEM16A chloride channels, leads to an efflux of potassium from ISCs into the extracellular space (reviewed by ( Figure 1 ). This increase in extracellular potassium depolarizes nearby IHCs, triggering a barrage of synaptic glutamate release, which leads to trains of action potentials in postsynaptic ganglion cells (spiral ganglion neurons, SGNs) that are transmitted via the auditory nerve to the brain. These periodic bursts of action potentials before hearing onset have been reported from a number of auditory nuclei along the central auditory pathway and in a variety of species, from birds to cats, suggesting that it serves important roles in the development of the auditory system.
Blocking prehearing spontaneous activity by surgical, pharmacological, or genetic means revealed its function in the survival and maturation of spiral ganglion and central neurons (Walmsley et al., 2006) . However, the question of whether and how patterned prehearing activity contributes to the formation of precise tonotopic maps, the primary organization principle of the auditory system, has remained a matter of considerable debate. For example, deaf mice with dysfunctional inner hair cells show little or no deficits in the tonotopic organization of auditory nerve projections to the cochlear nucleus (Cao et al., 2008) , suggesting that precise tonotopic maps emerge independent of cochlea-generated prehearing activity. In contrast, mice in which prehearing activity is present but with an altered temporal pattern exhibit a less precisely organized central tonotopic map (Clause et al., 2014) , suggesting that the precise temporal pattern of prehearing activity is crucial for the development of accurate tonotopy. Up to now, attempts to derive a set of more general rules governing activitydependent development of tonotopic maps were hampered by a lack of information on how prehearing activity is structured along the central auditory pathway in vivo. In addition, it remains largely unknown how dysfunction of IHCs, which is a common cause of hereditary deafness, alters prehearing activity.
In this issue of Neuron, Babola et al. (2018) provide new and unexpected answers to these important questions. Using calcium imaging in unanaesthetized, restrained prehearing mouse pups expressing the genetically encoded calcium indicator GCaMP6s, the authors set out to characterize the pattern of spontaneous coincident activity in the inferior colliculus (IC), the main subcortical integration center, and the auditory cortex (AC) (Figure 1 ). In the IC they revealed the periodic appearance of discrete, elongated patches of activity which were stationary (as opposed to migrating waves in the retina), lasted for about 3-6 s and were oriented orthogonal to the future tonotopic axis (Figure 1 ). Simultaneous imaging of the IC and AC further revealed that a tonotopic relationship is maintained between IC and AC, in line with the tonotopical organization of central auditory pathways before hearing onset. Activity bands in the IC preceded activity patches in the AC by an average about 100 ms, suggesting that activity is propagated along the ascending pathways from the IC to the AC. However, in the mammalian brain, the IC is also a major target of the descending auditory pathway originating from layer 5 neurons in the AC. In mature animals, this cortico-collicular pathway modulates IC activity and plays an important role in mediating experiencedependent plasticity of the IC (Bajo et al., 2010) . To test whether prehearing activity in the IC is caused or modulated by the descending cortico-collicular pathway, a scenario that is difficult to exclude given the limited temporal resolution of macroscopic imaging of largescale activity events, Babola et al. (2018) acutely ablated the AC and found no effect on the amplitude, frequency, or tonotopic organization of IC activity bands. This demonstrates that the AC is neither the generator nor a modulator of spontaneous IC activity bands. Together, these elegant imaging studies provide the first evidence that in unanaesthetized animals, neurons that will respond to similar sound frequencies after hearing onset exhibit coincident spontaneous activity before hearing onset, a scenario that could support the formation of tonotopically precise circuits using Hebb-like plasticity rules.
The frequency of occurrence of IC activity bands and their organization along isofrequency bands closely resembles the spatiotemporal pattern of spontaneous activity in the cochlea, where groups of neighboring (tonotopically similar) IHCs are periodically activated by the release of ATP from ISCs (Figure 1 ). This suggests that activity bands in the prehearing IC may originate in the cochlea, similar to what has been shown previously for extracellularly recorded action potential bursts in the IC (reviewed in . Indeed, when Babola et al. (2018) ablated both cochleae, activity bands in the IC disappeared. Unilateral cochlear ablation reduced activity bands in the contralateral IC, the major target of the crossed ascending pathways from the ablated cochlea, with no effects on in the ipsilateral IC. A similar result was also achieved when glutamatergic synaptic transmission between IHC and SGN was blocked by locally applying the AMPA-R antagonist NBQX to the cochlea. However, when Babola et al. (2018) tried to confirm these results by imaging IC activity in mice that lack glutamate release from IHCs due to the genetic deletion of the vesicular glutamate transporter 3 (Vglut3), they received a very different and unexpected result. Vglut3 is the vesicular transporter responsible for loading synaptic vesicles in IHCs with glutamate (Seal et al., 2008) (Figure 1 ). In Vglut3 knockout (Vglut3 À/À ) mice, IHCs are unable to release glutamate, and the loss of glutamate transmission to SGN causes profound deafness. Since synaptic glutamate transmission from IHC to SGN is also necessary for generating auditory nerve activity before hearing onset, one would expect that activity in the IC of Vglut3 À/À mice would resemble that observed in mice with bilateral cochlear ablation, i.e., that all activity bands are eliminated. However, this was not the case, as tonotopically oriented activity bands still readily occurred in the IC of Vglut3 À/À mice. How is this possible?
A first hint for solving this puzzle came from the group's previous in vitro recordings from SGN dendrites during which they noticed that potassium efflux from ISCs also directly depolarize SGN dendrites, which, like IHCs, are in close proximity to ISC (Figure 1 ). However, in normal mice, these depolarizations are too weak to trigger action potentials in SGNs. Babola et al. (2018) (Shrestha et al., 2018; Sun et al., 2018) using Vglut3 À/À mice or mice with genetic mutations linked with deafness. The presence of patterned prehearing activity in these mice in other deafness models involving IHC dysfunction may provide a new explanation for why tonotopic maps still can emerge in generically deaf mouse strains. The study by Babola et al. (2018) also raises the intriguing possibility that homeostatic regulation of SGN excitability is not restricted to early developmental stages but also may exist in more mature animals or humans, where it could be triggered by traumatic or ototoxic hair cells damage. Although ISCs are absent in the mature cochlea, increased SGN excitability would change their responses to neurotransmitters released from injured or remaining IHC or from efferent synapses. Increased spontaneous activity and neuronal hyperexcitability are typical consequences of noise-or drug-induced cochlear damage and are often associated with temporal processing deficits, hyperacusis, and tinnitus. More detailed insight into the mechanisms that adjust the excitability of the first neuron in the auditory pathway will lead to a better understanding of the biological mechanisms underlying these auditory dysfunctions.
